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both groups, there is no correlation between mastoid pneumati-
sation and the smallest area of the lumen of the isthmus.
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Epidemiological research methods
Part V. Follow-up-studies
D. YACH, J. L. BOTHA
Follow-up studies (also called prospective or cohort studies)
are used to determine the natural history of disease, to evaluate
the role of risk factors in causation or association, to determine
the prognosis of patients with existing disease, and to evaluate
the role of drugs and other interventions in preventing disease
or further complications. In follow-up studies sampling is
prospective, because individuals are· followed up to see whether
they develop the outcom~ of interest. 1 These studies have
become increasingly important in recent decades with the
epidemiological transition that has paralleled population
development from a high incidence of acute infectious diseases
to a high ipcidence of chronic, non-infectious diseases in
ageing populations.2 .
There are several types of follow-up studies. Randomised
controlled trials (RCTs) have been discussed in a previous
article. l In RCTs the allocation to groups to be followed up
and the exposure/intervention being evaluated is under the
control of the investigator. In non-RCT follow-up studies the
groups are self-selected or defined by nature.
In follow-up studies, baseline measurements on charac-
teristics (risk factors, drugs, disease stage) are made on a
sample of the population. On the basis of these measurements
subgroups are defined for comparison later. The whole sample
is then followed up to estimate the incidence rates or risk of
developing the outcome of interest in the subgroups defined at
the start.2
In this article we will discuss the assembly and follow-up of
groups, the assessment of the outcome, and methods of analysis.
We illustrate important points by referring mainly to two
studies. The first study, conducted by the International Centre
Institute for Biostatistics of the South African Medical
Research Council and Department of Community Health,
University of Stellenbosch, Parowvallei, CP
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for Diarrhoeal Disease Research, investigated the relationship
between nutritional status and diarrhoeal incidence and dura-
tion in children 2 - 48 months of age in two rural villages in
Bangladesh.3,4 The second study examined the effect of smoking
on subsequent mortality in a group of men in.the USA.' Both
these studies involve evaluating the role of risk factors.
Defining the group to be followed up
The group to be followed up is often referred to as the cohort,
but this word has two meanings. 6 Originally Andvord used it
to describe only a group with a common period of birth.7 His
analysis, using this definition in a tuberculosis study, was
found useful because ' ... every generation has its own distinct
curve in which the degree of infection in the first years of life
becomes an indicator for the mortality value of age groups that
. follow'. Degree of infection is one example of an experience
shared by a group born within a similar time period. We will
use cohort in another, broader sense which has become accepted
in epidemiology: a group with some common anribute or
experience.8 This may refer to a year (or years) of birth, date
of entry into a workforce, or residence in a particular area. In
studies of prognosis the selected group is referred to as the
'inception cohort' (identified at an early and uniform point in
the course of their disease9).
A cohort is often a subset of a larger target population. In
such cases the target population and the sampling method
should be specified in order to demonstrate clearly whether
the sample is unbiased. Often, however, such representativeness
is of secondary importance to clear specification of the inception
of the cohort, and is not necessary to obtain valid results. This
can be demonstrated by our two examples.
In the Bangladesh study 177 children or 94% of the available
number in the specified villages were selected for follow-up
(20 others were added later). The cohort is therefore representa-
tive of those villages but may not be typical of other villages.
In the smdy on smoking 22000 American Cancer Society
volunteers in lO states were asked to identify 5 - lO men with
whom they were likely to remain in touch for the next lO
years. In this way 190 134 men were identified. They may not
be representative of all men in their areas but may be more
representative of friends of volunteers (an already highly select
group), and are not representative of women. For valid results
the cohorts in both smdies had to be free of the outcome of
interest: no diarrhoea or lung cancer should be present at the
start. For comparisons within cohorts, subgroups should be
comparable with regard to inception.
Baseline measurements used in the Bangladesh smdy involved
standard estimates of nutritional stams (length, weight and
age). In the other smdy smoking stams was determined with
the use of a self-administered questionnaire. Men were cate-
gorised as never having smoked, being occasional smokers or
being regular smokers. In smdies investigating the namral
history of disease or prognosis, the stage of disease would be
the baseline measurement of importance. Cohort subgroups
for comparison, formed on the basis of baseline measurements,
should be comparable in all respects except for the characteristic
being investigated. If comparability is not possible in the
design phase, statistical methods of adjustment can be used
during analysis, provided information about confounding factors
has been collected. In the Bangladesh smdy the effect of
potential confounders of the nutrition-diarrhoea relationship
being investigated, such as water and sanitation services, was
reduced by using villages with similar services. In the other
study, the role of potential confounders of the smoking-
mortality relationship, such as exposure to asbestos, was not
investigated.
In both the diarrhoea and the smoking-habit smdies, control
groups were defmed from the same population as the smdy
groups. The controls for the study on smoking were those who
had 'never smoked', while in the Bangladesh smdy children
with the best nutritional stams constimted controls. In many
follow-up studies, however, control groups are selected from
the general population, which makes the potential for selection
bias a major problem. This is particularly the case in occupa-
tional studies where the so-called 'healthy worker effect' (one
example of selection bias) can distort the interpretation of
morbidity and mortality data. 1Q-13 The healthy worker effect
refers to the health stams of the employed being bener than
that of the general population (the laner includes unemployed,
sick, disabled and instimtionalised people) and tends to mask
real occupational health effects, especially those related to
chronic diseases.
Follow-up
In follow-up smdies, the cohort is usually defmed or selected
at the start and followed for a predetermined period of time
(the follow-up period is concurrent with the planning and
execution of the study). The Bangladesh diarrhoea smdys is an
example of this design (sometimes called a concurrent follow-
up smdyI4). In contrast, follow-up may start at some point in
the past, if information were available from a past census, or if
a listing of a selected group (factory workers for example) were
available; this is referred to as a non-concurrent (historical)
prospective smdy.14 The renal transplant smdy reported by
O'Donnell et al. IS is an example of this design.
The major source of bias in a prospective smdy involves
losses from the original cohort during the follow-up period. 16
Such losses affect the internal validity of a prospective smdy.
Loss to follow-up is more important than representativeness.
The design of a prospective smdy needs to take account of
possible losses and take steps at the recruitment stage to
minimise potential aurition over time. Several approaches
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have been used successfully to reduce losses. In a smdy of
mberculosis 17 in 25752 smdent nurses, nurses were asked at
entry into the smdy to give addresses of 3 relatives or friends
with whom they were likely to remain in contact after complet-
ing their studies. During the 3 - 5-year follow-up period,
94,76% were traced using these sources. urses difficult to
contact did not differ from those easily traced, with respect to
their risk of tuberculosis or overall mortality. The authors
therefore recommended that considerable cost savings would
accrue if a sample of non-responders was traced. 17
In a population-based cardiovascular disease smdy non-
responders differed from responders both in terms of morbidity
and in terms of prevalence of risk factors 18 as determined
during the baseline study. Since respondents can differ from
non-respondents it is important in population-based studies to
obtain community support from recognised leaders, the co-
operation of local health workers and support of the media at
an early stage (and ensure high visibility during the follow-up
period) so as to minimise losses.1 9 In the Bangladesh study,4 a
health visitor went to each child's home daily to ensure· that no
children were lost to follow-up. In the smoking-habit study,S
the volunteers selected only men with whom they were likely
to remain in contact; 98,8% of the selected sample were
successfully traced during the 20-month follow-up period.
In the RSA few community-based prospective studies have
been undertaken. In the Coronary Risk Factor Intervention
Smdy (CORIS) smdy 7 188 people were included in the
inception cohort assembled in 1979. By follow-up in 1983,
only 56,7% of the original cohort remained. Those lost to
follow-up (i.e. individuals present only in the baseline study)
differed from those remaining in terms of several demographic
and other characteristics measured in 1979 (P. Jooste -
personal communication). The effect on the comparison
between subgroups of those lost to follow-up depends not only
on the percentage lost, but particularly on the characteristics
of the laner.
Outcome assessment
In follow-up studies, as in all other studies, the outcome must
be defined in a clear and unambiguous manner. In the Bangla-
desh study the defmition of outcome used was complex.
Diarrhoea was defined as being present if a child had more
than 4 liquid stools for I day. The diarrhoeal episode was
considered complete on the first day that the child had fewer
than 3 liquid stools. During the study both the health visitor
and the doctor used several methods to validate information
about diarrhoeal status.4 For the smdy on smokingSthe major
outcomes were clearly defmed: dead, alive and status unknown.
In a renal transplant smdy,15 the outcome of renal transplant
patients with impaired renal function at 6 months was assessed.
The definition of the major outcome of interest, failed or
rejected graft, was not related to an easily validated outcome
measure. More objective outcomes that would have been
preferable include nephrectomy or dialysis, as recommended
recendy.20 In this study it was particularly important that an
unambiguous outcome be used since the study sparmed a 13-
year period during which the criteria used for 'failure' or
'rejection' may have changed.
Analysis of follow-up studies
In follow-up studies an inception cohort is followed for a
period of time. Mter the period, the cohort is examined to
determine which participants achieved a predetermined end-
point. The end-point may be death, successful response to
treatment, relapse or development of a disease. Analysis of
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such studies is complicated by two problems, namely the fact
that individuals are first observed at different stages of disease
(and after different durations of disease), and that some
individuals are lost to follow-up.
There are several ways to deal with the first problem. These
include prognostic stratification and regression techniques.
Prognostic stratification was used in the renal transplant study. IS
Patients were stratified into 3 groups according to their renal
function 6 months after the transplant (the start of the study)
since the authors' prior belief was that renal function is a
prognostic factor in subsequent survival. Regression techniques
can be used for the same purpose. 21
In recent years several techniques for dealing with problems
of both staggered entry and variable follow-up have been
devised. 21 - 23 They fall under the general heading of survival
analysis. Two basic approaches to the analysis of prospective
studies that take into account losses to follow-up involve either
calculating an incidence rate or determining the risk of an
outcome.
*Similar results were obtained using a weight-for-age ratio.
Fig. 1. Variable follow-up in a prospective study.
The incidence rate is used as measure of the force of
morbidity or mortality on a population and has no interpreta-
tion for an individual. It is used in studies measuring the
impact of disease in different groups, as in the Bangladesh
study or to assess causality, as in the study in which mortality
rates by age/smoking category were computed and compared.
Duration
(days)
6,8 ± 0,9
8,5 ± 0,8
10,6 ± 1,7
TABLE I. D1ARRHOEAL INCIDENCE AND DURATION BY
NUTRITIONAL STATUS*
Days of Incidence
observation rate (per day)
8385 16,9
13860 16,2
4986 16,4
Weight-for-
length ratio
;" 90%
80 - 89%
~79%
renal transplant study, for example, patients were entered into
the study over a 13-year period during which diagnostic and
therapeutic changes that could affect survival are likely to-have
occurred. In such a situation, separate analyses for calendar
periods should be undertaken or more powerful techniques
such as Cox's proportional hazards regression methods are
needed.21
In Table I the results of the Bangladesh study are presented
using person-time. In the analysis only days for which reliable
information was available were used. The inception cohort was
defined at the outset in terms of their nutritional status.
Children with a weight-for-Iength ratio of ~ 90%, 80 - 89%
and ~ 79% were compared with respect to their diarrhoeal
incidence and duration. Incidence of diarrhoea was calculated
by dividing diarrhoeal episodes by days under observation.
The results show that nutritional status was related to (or a
risk factor for) diarrhoeal duration but not incidence.
Calculating risk
In many instances it is more important to be aple to
determine the risk or probability of an individual developing a
disease (or changing status) over a certain time period. When
one is making clinical or personal decisions about aD
individual's prognosis or the effect of a particular treatment or
behaviour (e.g. smoking), knowledge concerning the risk of
Calculating an incidence rate
In the medical literature prognosis is frequently calculated
in terms of the percentage surviving 5 years after diagnosis.
The number of those known to be alive at the end of the 5-
year period is divided by the number of cases diagnosed (the
inception cohort). This approach usually underestimates
survival.22
The problem of defining the numerator and denominator of
a rate can be illustrated by a hypothetical example. Suppose a
follow-up study were conducted to determine the annual death
rate in workers in a plant between I January 1976 and 31
December 1985. If, in calculating the IO-year survival rate the
denominator were taken to be all those alive and working on I
January 1976 (5 workers) and the numerator those alive and
working 31 December 1985 (2 workers), the result would be a
IO-year survival rate of 40% or a IO-year mortality rate of 60%.
The annual death rate could be inferred to be 6% (60/10).
This approach is clearly incorrect if the information in
Fig. I is used. The stylised figure contains the experience of
II workers (a - k). The survival rate above was estimated as
2/5, where a and j form the numerator and a, b, c, d, and k
the denominator. Worker j was not in the original cohort.
Persons b, c, g, h and k were lost to follow-up over the IO-year
period. The above calculation assumes that they all died
during the interval. Two workers who died in the interval, e
andf, were not included in this calculation. Note that worker i
was correctly ignored. -
A more exact (and exacting) method involves calculating
person-time (mentioned in an earlier article3). Each person
contributes the amount of time they were under observation to
the denominator of the rate. For example, person a contributed
the full 10 years, while person c contributed 8 years before
being lost to follow-up and person e only entered the study in
1976 and died 8 years later. In this way the total person-years
under observation can be calculated. In our example, this
amounts to a total of 73 person-years. The numerator consists
of new events (deaths) reported in the interval and the annual
mortality rate is equal to 3/73 or 4, I%.
The assumptions of this method are, fust, that those lost to
follow-up have the same survival as those under observation
and, secondly, that events (deaths or any other outcome) occur
uniformly across the time interval. 21 The latter assumption is
particularly important when long time intervals are used. The
likelihood of death in children, for example, is much higher at
the start of the 0 - 5-year age group. When this occurs, shorter
time intervals can be used.
A further problem not specific to the analysis of follow-up
studies relates to changes that occur over calendar time. In the
disease for the individual is usefup4 The life-table approach is
used to estimate the risk of death for groups of people over
several time intervals. Life-table techniques are also useful for
comparing groups with respect to survival at different points
over time. Statistical methods exist to calculate confidence
intervals for such survival curves.22 In small studies, the time
intervals can be shortened to include only people with the
same survival time (the Kaplan-Meier approach22). The same
assumptions apply to the life-table and Kaplan-Meier
approaches as to the person-time approach mentioned earlier.
Follow-up v. case-control studies
The major cost and time savings of case-control studies need
to be balanced against the advantages of follow-up studies. In
general, case-control studies may be preferable in situations
where existing and past information is reliable, where exposure
has not changed over time or where a rare disease with a large
number of possible Gauses is being studied. Follow-up studies
are advisable in determining the natural history of a disease, or
the effect of variable intensities of rare exposures on outcomes.
Neither design, however, is free of selection or measurement
bias which can distort the results.
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Nuus en Kommentaar/News and Comment
Malnutrition in the hospital
Here we go again. Every time someone investigates the nutritional
status of patients in a hospital horrible things are discovered. Why
is it that the patient who is receiving the best of medical and
nursing care in a centre of excellence is not receiving an adequate
diet? .
The latest report comes from a team of Swedish nutrition
experts from Giiteborg who have been carrying out investigations
in Scandinavian hospitals. A couple of years ago they found that
in a teaching hospital surgical patients were going short on food,
and they now report on their findings in a gastro-enterology
department of another major hospital in Norway (Waage er al.,
Tidsskr Nor Laegeforen 1987; 107: 146). It is true that it wasn't
altogether the hospital's fault since of the 26 patients (13 women
and 13 men) of average age 60 years, 6 were regarded as under-
nourished by the usual anthropometric standards 6n admission.
Th~se were all older patients. However, when the in-hospital
nutritional intake was recorded, 13 out of 20 (65%) had an energy
intake under 80% of requirement and 15 out of the 20 (75%) had a
protein intake under 80% of requirement. In fact, further enquiries
suggested that 14 patients out of the 20 had a lower energy Intake
when they were in hospital than they had at home.
Does this maner? The authors think that it does because
malnourished patients are more liable to complications. They had
demonstrated this already in a surgical ward and see no reason to
think that maners were any different in a medical one. The
observation period was shon, but other reports from America,
Sweden and Denmark have demonstrated the same type of situation
with longer observation periods.
Recurrences in oral and genital herpes
simplex infection
Oropharyngeal herpes is not nearly as troublesome an infection as
genital herpes and although there is great variability among indi-
viduals in the clinical recurrence rates of both, it seems tht oral
herpes does not recur as frequently as genital herpes. Lafferty er
al. (N Engl J Med 1987; 316: 1444) studied the natural history of
primary' herpes simplex virus (HSV) infection in 39 adults who
had concurrent infection of the oropharynx and the genitalia.
Twelve of the patients were infected with HSV type 1 and 27 with
HSV type 2, the same virus being responsible for infection at both
sites.
Their report shows that subsequent recurrence panerns differed
markedly according to the viral type and the anatomical site. The
frequency of recurrence after genital HSV-2 infection was higher
than that after oral-labial HSV-l infection, while genital HSV-l
recurrences were more common than oral-labial HSV-2 recur-
rences. Overall genital recurrenes were nearly 6 times more
frequent than oral-labial recurrences during a median 380 days'
follow-up. Five'of the 12 patients with HSV-l infections subse-
quently reported an oral-labial recurrence compared with only 1
of the 27 patients with HSV-2 infections. Conversely 24 of 27
patients from whom HSV-2 was isolated from the genital region,
compared with 3 of 12 from whom HSV-l was isolated, had a·
recurrence of genital disease.
The findings may account for the relatively rapid increase in
prevalence of genital herpes in recent years.
